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EXECUTIVE SUMMARY

The International Scientific Committee for Tuna and Tuna-like Species in the North
Pacific Ocean (ISC) conducted a stock assessment of Albacore tuna in the North Pacific
Ocean (NPO) and subsequently requested an independent peer review by the Center for
Independent Experts (CIE). I was selected as one of the CIE reviewers for this task.

As a general background, Albacore tuna in the NPO are harvested multi-nationally
primarily using troll, pole-and-line, and longline gear whereas in the US, major fisheries
from troll and pole-and-line fleets are based in Washington, Oregon, and California. The
stock assessment of albacore tuna in the NPO was conducted by staff of the Pacific
Islands Fisheries Science Center, the Southwest Fisheries Science Center, in
collaboration with scientists from members of the International Scientific Committee for
Tuna and Tuna-like Species in the North Pacific Ocean (ISC), within the ISC’s Albacore
Working Group in FY 2011. A stock assessment report was produced following the June
4-11, 2011 1in the stock assessment workshop titled "Stock Assessment of Albacore Tuna
in the North Pacific Ocean in 2011"(see Appendix 1). The results of this assessment are
more optimistic than the 2006 assessment based on two main changes: 1) the fishing
mortality in 2006-2008 has decreased relative to 2002-2004 and 2) the new assumptions
regarding growth in the 2011 assessment where in previous assessments, a VPA model
was used with growth curve parameters derived from a study in the 1960s using relatively
outdated aging techniques and a limited size range. However, in this current assessment,
they are based on an SS3 model with growth curve parameters derived from a recent
study using modern aging techniques and a substantially larger range of fish sizes. The
new growth curve, with a lower L<°, resulted in a higher scaling of biomass and a more
positive assessment of stock status.

Reviewing the assessment report and its supporting documents, I have concluded that this
2011 assessment was scientifically sound and appropriate, and that it adequately reflects
the best available fish population dynamics and biology, fishery data, and modeling
techniques up to date. Therefore this assessment can be used to provide scientific advice
on the status of the North Pacific albacore stock.

Specifically, the methods for Albacore tuna assessments are appropriate given the
available knowledge about this stock up to date. A seasonal, length-based, age-structured,
forward simulation population model was used for this assessment. The assumed
population dynamics are consistent with the current understanding and knowledge of the
Albacore tuna fish biology. The data inputted for this model were comprised of quarterly
catch-at-length data, sixteen age-aggregated fisheries defined by gear, location, season,
and catch units; eight abundance indices; a new growth curve estimated within the model;
and conditional age-at-length data not previously available. Transition from VPA model
in previous assessments to the present assessment model SS3 was validated with both the
SS3 base-case model and the VPA reference run to give similar historical trends in SSB
and recruitment as seen in Figure 41 in the report. Both runs estimate that F2006-2008 is
lower than F2002-2004 and that the pattern of F-at-age has shifted from being highest on
mature age classes to highest on juvenile age classes. This shift in F-at-age is consistent



with results of fishery impact analysis, which indicates that the surface fisheries capturing
juveniles have the largest impact on biomass levels in this stock historically and in recent
years. An array of sensitivity runs were also performed to confirm with the conclusions
from other documented research and analysis. Further validation of the assessment
methods was done from extensive sensitivity analyses and other ancillary analyses as
detailed in Sections 5.5 to 5.11. I therefore endorse this assessment at this present
knowledge.

Nevertheless, several weaknesses and future research recommendations were identified
during this review which should be used to improve future stock assessment for this
species. These include issues of the natural mortality (M) estimate, CPUE standardization
without incorporating spatial autocorrelation, assessment model convergence, and
parameter confounding which are detailed in the TORs.



1. BACKGROUND

Designated by the Center for Independent Experts (CIE), this author was invited as one
of the reviewers (Appendix 2: Statement of Work) to review the 2011 stock assessment
of North Pacific Ocean (NPO) Albacore tuna conducted by the International Scientific
Committee for Tuna and Tuna-like Species in the North Pacific Ocean.

Results of the 2011 assessment are more optimistic than the 2006 assessment because
fishing mortality in 2006-2008 has decreased relative to 2002-2004 and because of new
assumptions regarding growth in the 2011 assessment. Previous assessments used a VPA
model with growth curve parameters derived from a study in the 1960s using relatively
outdated aging techniques and a limited size range. The current assessment is based on
an SS3 model with growth curve parameters derived from a recent study using modern
aging techniques and a substantially larger range of fish sizes. The new growth curve,
with a lower Le°, resulted in a higher scaling of biomass and a more positive assessment
of stock status.

On November 21, 2011, Mr. Manoj Shivlani, the CIE lead coordinator, informed me by
email that I was selected for the Pacific albacore stock assessment review. Following his
email, his assistant, Mr. Roberto Koeneke, provided me with the "Statement of Work"
(Appendix 2) along with other contract information. After signing the contract, I received
three emails from Dr. Steve Teo (Southwest Fisheries Science Center) on November 22,
2011, for background and assessment documents (Appendix 1: Bibliography of materials
provided for review ) associated with this review. Since then, I reviewed the assessment
report ("STOCK ASSESSMENT OF ALBACORE TUNA IN THE NORTH PACIFIC
OCEAN IN 2011") and consulted the background materials as listed in Appendix 1 as
well as some additional research on related publications in preparing this review report.

I would like to commend to Manoj Shivlani and Roberto Koeneke for their excellent job
arranging the contract and providing information for the review.

2. SUMMARY OF FINDINGS

This part is organized according to the terms of reference (TOR) in the review Statement
of Work (SOW) (Appendix 2) to address the strengths and weaknesses of the following
TORs. The numbered points are the key findings, followed by a detailed discussion, if
any.

TOR 1: Review the assessment methods: determine if they are reliable, properly
applied, and adequate and appropriate for the species, fisheries, and available data.
Generally, the methods for Albacore tuna assessments are appropriate given the
available knowledge up to date on fish biology, fishery data and modeling techniques. A
seasonal, length-based, age-structured, forward simulation population model was used
for this assessment with the assumption that there is a single well-mixed stock of albacore



in the North Pacific Ocean. The assumed population dynamics are consistent with the
current understanding and knowledge of the Albacore tuna fish biology. The data
inputted for this model were quarterly catch-at-length data, sixteen age-aggregated
fisheries defined by gear, location, season, and catch units (weight or number),; eight
abundance indices; a new growth curve estimated within the model; and conditional age-
at-length data not previously available. The appropriateness of assessment input data
and the analytical approaches have been reviewed extensively in previous workshops and
reports. In my review of the report and the supporting documents, I conclude that this
assessment is appropriate and adequate at the current knowledge of this stock. The
assessments of this species generally provide the best available science for management
advice. There are several, specific strengths and weaknesses in this assessment as
outlined as follows.

Strengths

1. The assessment report and the associated supporting documents

I first comment and appraise the effort from the assessment Working Group (WG) to
produce such professional report (“Stock Assessment of Albacore tuna in the North
Pacific Ocean in 2011”) in reference to all other supporting documents as listed in
Appendix 1. Albacore tuna population biology is well documented in Section 2 with
references to stock structure, reproduction, growth, movement and food habits which led
to the available data in Section 3 with corresponding assessment methods and models in
Section 4 for this species. Section 5 detailed the results from all aspects of model fitting,
sensitivity runs and other ancillary analysis followed by the current stock status and
conservation advice in Section 6 and future research recommendations in Section 7.

2. The validation of new assessment method

I endorse the new SS method used in this assessment after reviewing the report in
comparison with VPA. Transition from the VPA model in previous assessments to the
present assessment model SS3 was validated with both the SS3 base-case model and the
VPA reference run to give similar historical trends in SSB and recruitment.

As seen from the assessment report, both the base-case SS3 model and the VPA reference
run estimated similar historical trends in SSB and recruitment as seen in Figure 41. Both
runs estimate that F2006-2008 is lower than F2002-2004 and that the pattern of F-at-age
has shifted from being highest on mature age classes to highest on juvenile age classes.
This shift in F-at-age is consistent with results of fishery impact analysis, which showed
that the surface fisheries capturing juveniles had the largest impact on biomass levels in
this stock historically and in recent years. Several sensitivity runs were also performed to
confirm with the conclusions from other documented research and analyses. I concur
with the WG that the SS base-case model is representative of the population dynamics
and abundance of north Pacific albacore and to be used for this assessment.

3. Further validation of the assessment methods.
Extensive sensitivity analyses and other ancillary analyses further validated the SS base-
case assessment methods in this stock assessment as detailed in Sections 5.5 to 5.11. The



WG did an excellent job in designing and conducting the sensitivity analyses to further
validate this method. I agree that this assessment is based on the best available biology,
fishery data, and modeling techniques at this time. The assessments of this species
generally provide the best available science for management advice. From my review, [
consider this assessment to be scientifically sound at the present knowledge despite some
concerns I have regarding the data and methods.

Weaknesses

1. Issue on fixing the natural mortality (M) estimate at 0.3 yr'1

It 1s well known that M is a key parameter in fish stock assessment. The fact that M=0.3
in this assessment is very problematic. The assessment Working Group (WG) made the
effort with a sensitivity run at M = 0.4 which led to a substantial higher scaling of SSB
and recruitment as illustrated in Figure 27. This further confirmed the needs on
substantial investigations using more sensitivity runs or estimating this M from other
methods, such as tagging experiments external to the SS3. This is a high priority in future
assessment and research.

2. Issue on CPUE standardization without incorporating spatial autocorrelation.
As indices of relative fish abundance, CPUE was standardized for 8 fisheries as indicated
in Section 3.6 with a statistical generalized linear model (GLM) using data from year,
season and area as main effects. Albacore tuna are spatially distributed in North Pacific
Ocean and any methods ignoring this spatial distribution would introduce bias. |
reviewed the reports from Table 2 and I failed to identify the applied GLM method in this
assessment incorporated the spatial autocorrelation in the process of CPUE
standardization. A remedy can be found from Nishida and Chen (2004) using SAS proc
mixed. Further discussion can be found in TORS.

3. Issue on assessment model convergence and parameter confounding.

There are a larger number of parameters estimated from the assessment models;
parameter confounding and local optimization are bound to be a problem. The WG
acknowledged the issue of local convergence and conducted a jitter analysis which led to
the conclusion that “the model was caught on a local rather than global minimum in the
log-likelihood space”. This is serious in interpreting model outputs and making
conclusions based on the model results as well as providing fishery management advices.
Advanced search algorithms, such as genetic algorithms and simulated annealing should
be attempted. There are extensive references in the literatures in mathematical modeling
and Chen et al. (2000) was one of the early ones in fishery research.

In addition, this local convergence is entangled with the parameter confounding since if
the model parameters are confounded, the search algorithm will stuck at the ridge of the
log-likelihood surface so to introduce local convergence. In the SS3 model, there is a
known confounding effect for the steepness parameter in the stock-recruitment model. A
plausible solution is to re-parameterize this stock-recruitment model and replace the
steepness into other management parameters as illustrated in Schnute and Kronlund



(1996, 2002) or Schnute and Richards (1998) to eliminate this confounding effect.
Further recommendations can be found in TOR 5.

4. Issue on bias from the length-weight relationship.

Weight-Length relationships are used in this assessment to convert catch-at-length to
weight-at-length data as seen in Sections 4.2.2 and 4.12.2. There is a known bias in
inverse logarithmic transformation in estimating length-weight relationship. The WG
might have corrected this bias, but there is no description in the report. If not, please refer
to Hayes et al. (1995) and TOR 5.

TOR 2. Evaluate the assessment model configuration, assumptions, and input
parameters (fishery, life history, and spawner recruit relationships):
determine if data are properly used, input parameters seem reasonable,
models are appropriately configured, assumptions are reasonably satisfied,
and primary sources of uncertainty accounted for.

The assessment models of SS3 in comparison to VPA are considered to be appropriate
for the available data from my review. The input data and parameters are generally
reasonable corresponding to this stock at present level of knowledge and understanding
of this stock. The assessment model is adopted from Stock Synthesis (SS) Version 3.11b
(Methot 2011, http://nft.nefsc.noaa.gov/Stock _Synthesis_3.htm) to this Albacore tuna
species with best available input data from its life history, fisheries and typical stock-
recruitment relationships. Even there are some drawbacks in SS3, this model is the best
available at this assessment.

With this SS model, the WG compiled all best available data from fishery catch and
effort, CPUE, size compositions and conditional age-at-length based on Albacore tuna
life history with proper biological and demographic assumptions about fish population
dynamics to be used for the model fitting. In review the assessment report, I deem that
the data are properly used, input parameters seem reasonable, models are appropriately
configured, assumptions are reasonably satisfied, and primary sources of uncertainty
accounted for. Several specific strengths and weaknesses are outlined as follows.

Strengths

1. The model and its assumptions

Further to the strength outlined in TOR1 on model validations from VPA to SS3 for this
species, Stock Synthesis is widely used in the arena of fishery stock assessment which is
an age and size-structured model that projects the survival, growth and reproduction of
individual age classes. The SS model can incorporate ageing errors and individual
variation in growth with advantages in population model to simulate the size and age
structure of the Albacore tuna population and the observation model to use the data from
the 16 fisheries and selectivity functions to fit the simulated population to the observed
data.

An additional strength of this model is the statistical model using a log-likelihood
approach to best-fit parameters in order to minimize the log-likelihood objective function



from both the data and prior information with weights to control different type of data
and parameter influencing the total likelihood. This model is an advanced statistical
model demanding comprehensive understanding of advanced statistical modeling and
fishery assessment techniques.

Corresponding to this SS3 model, the biological and demographic assumptions specific to
Albacore tuna was outlined in Section 4.2 on using von Bertalanffy growth function, a
seasonal specific weight-at-length function, sex ratio, natural mortality rate and the
standard Beverton and Holt stock-recruitment relationship. Further assumptions on
maximum age, movement, stock structure, selectivity function, catchability and
likelihood weighting were explained in details in this report with references to the
supporting documents listed in Appendix 1.

In reviewing the report, I concluded that the WG made the best effort to properly apply
this SS model to this species. The selected input parameters and the assumptions were
reasonably satisfied for this assessment.

2. The input data

To fit the SS3 model for Albacore, the WG compiled 4 types of data for this assessment.
There are fishery-specific catches, length compositions sampled from the catches,
abundance indices derived from logbooks, and conditional age-at length data. These data
were compiled from 1966 through 2009 as outlined in Section 3 in the report for spatial
and temporal stratifications as well as the 16 fisheries for this species. The acquisitions of
the raw data and the standardization of these raw data in order to input to SS3 were
detailed in the section as well as the reference papers in Appendix 1. This is the key step
in assessment and the WG organized several workshops to finalize the data. In reviewing
those references, I deemed that the data have been compiled with their best effort.

Weaknesses
Further to the weaknesses outlined in TOR1,

1. The steepness parameter.

The WG has acknowledged that the steepness parameter (h) of the stock-recruitment
relationship is a difficult parameter to be estimated along with the SS3 model and they
concluded that because model derived estimates of SSB and recruitment commonly lack
sufficient contrast in biomass levels, especially low biomass levels, to enable steepness to
be reliably estimated (ISSF 2011). Then the steepness (h) of the stock-recruitment
relationship was fixed at 1.0 in the present assessment. The WG regarded that “further
research on plausible steepness values prior to the next assessment is a high priority
recommendation.”

In fact, this steepness parameter can not be estimated independently since it is totally
confounded with Rg and Sy as I have raised this comment before. A mathematical
derivation is iterated in TORS. So any efforts to estimate the steepness parameter are
useless and totally waste the time.



If the mathematics is not believable, a simple simulation can demonstrate the point. The
WG can use Albacore tuna dynamics with a range of plausible h values, then use SS3 or
any profile likelihood function to estimate it. I can guarantee that there are a high
proportion of failed searches to estimate the h. The remedy for this confounding is to get
rid of this h and re-parameterize the SR using the management parameters as illustrated
in Schnute and Kronlund (1996, 2002) or Schnute and Richards (1998). This task might
be out of the scope of the WG, but should be taken into serious consideration in future
assessments.

2. Migration issues

As stated in Section 2.4, North Pacific Albacore are highly migratory and these
movements are influenced by oceanic conditions with observed seasonal movements.
However, this assessment was conducted without any migration component and this
seasonal movement rates were not explicitly modeled. I recommend that further tagging
studies should be implemented to quantify the spatial migration since any violation of
this assumption can lead to misinterpretation of abundance data and unreliable stock
assessments.

3. Sex-specific growth

Usually there is a growth difference between sexes. For Albacore tuna, it is reported there
was a sex-specific growth after maturity in the western Pacific Ocean, with males
achieving larger sizes than females. Consequently, a sex-specific growth model would be
more informative for this stock and this is one of the research priorities before next
assessment.

TOR 3. Evaluate the adequacy of the sensitivity analyses in regard to completeness
and incorporation of results.

The sensitivity analyses in this assessment are the most impressive part. Based on the §S
base-case model, the WG examined the effects of plausible alternative assumptions in
three categories as (1) data weighting, (2) biology, and (3) selectivity, which were
detailed in Table 5 and Sections 5.6.1 to 5.6.11. In each sensitivity run, comparisons
were made to spawning stock biomass and recruitment estimates and trajectories, as well
as F-at-age for two temporal periods (2002-2004 and 2006-2008). Collectively, these
sensitivity runs revealed uncertainty in the absolute estimates of biomass and fishing
mortality while the trends in these parameters remained relatively robust to the different
assumptions in these sensitivity analyses. This is considered highly appropriate from my
review.

It is well known that there are so many parameters and assumptions in the assessment
model to be altered for senmsitivity analyses. In review these senmsitivity analyses, |
concluded that the WG made the best effort in evaluating possible scenarios in this stock
assessment and I have no further comments.
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TOR 4. Evaluate the adequacy, appropriateness, and application of the methods
used to project future population status.

Future projections for a fish stock are largely dependent on the recruitment and fishing
mortality patterns as well as other factors affecting fish survival. In this assessment, the
future projections of Albacore tuna was performed using the base-case model
configuration assuming current fishing mortality (F2006-2008) and random resampling
of historically estimated recruitment (1966-2007) during the stock assessment period as
seen in Figure 34. Further to this base-case model, two additional scenarios with low
recruitment (1978-1987) and high recruitment (1988--2004) phases in the estimated
historical recruitment time series were included as sensitivity runs. These recruitment
patterns are combined with different fishing mortality patterns of lower Fpps.200s and
higher Fip02.2004. This is adequate and appropriate at this point. There are several
strengths and weaknesses in the future projections as outlined as follows.

Strengths

1. Sensitivity investigations

There are several factors affecting future projections of fish population. The WG
investigated the combinations of two key factors on fish recruitment and fishing mortality
patterns. The three recruitment patterns are:

Base-case run 1: 1966 to 2007, average R = 47,895,000, CV = 0.24;
Run 2: low recruitment, 1978 to1987, average R = 35,171,000, CV = 0.16;
Run 3: high recruitment, 1988-2004, average R = 54,373,000, CV = 0.22.

These recruitment patterns were combined with different fishing mortality patters of
lower F2006-2008 and higher F2002-2004. The conclusions made sense that the lower
the fishing mortalities, the higher the SSB. With fishing mortality of (F2006-2008), SSB
would be expected to fluctuate around the historical median SSB, while with higher
fishing mortality rate at F2002-2004, the SSB would be decreasing to below the base-
case scenario. The WG also conducted other sensitivity runs which produced future
median SSB trajectories in scale to SSB2008. In all these runs, only the low recruitment
and high fishing mortality of F2002-2004 resulted that the SSB declines relative to
SSB2008. All other runs resulted in future SSB about 15% above SSB2008 as
summarized in Table 11 and depicted in Figure 37. In conclusion from these sensitivity
runs, the future SSB were relatively insensitive to alternative structural assumptions and
recruitment scenarios. Under the time series of recruitment and fishing mortality, the SSB
is predicted to fluctuate around the historical median level over the 25-yr projection
period. This is an adequate conclusion from my review.

2. Stable stock status

Stable stock status is the consequence of adequate assessment, which is the key for fish
population conservation and management. In review of these sensitivity analyses,
conclusions can be made that there is a stable stock status for conservation advice and the
base-case model is considered to be relatively stable to produce a reasonable
representation of the history of this stock abundance and F-at-age. This base-case model
also confirmed that F2006-2008 has declined relative to F2002-2004 in consistent with
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the intent of previous conservation advice that there is no increase in F beyond the
current level defined as F2002-2004-ALBWG 2007 to confirm the conservation goal.
With the current recruitment and fish mortality patterns, the spawning biomass fluctuates
around the long-term median at ~400,000 t. I agree with the WG’s conclusion that
overfishing for this stock is not occurring and that the stock is not in an overfished
condition.

Weaknesses

1. Uncertainty estimates

Future projections always come with uncertainties. The further you forecast future fish
abundance and stock status, the higher the uncertainty will be associated with this
forecast. However, I have not seen any uncertainty estimates in this assessment.
Parameter uncertainty should be included especially for biomass projection and stock
status, which can be generated from the likelihood approach or ADMB.

2. Natural mortality

M is a vital parameter in fish stock future projections. We have known in fitting the SS
model that a substantial higher scaling of SSB and recruitment as illustrated in Figure 27
resulted by changing M = 0.3 to M = 0.4. This M would have substantial impact on
projections since M has an impact on SSB and recruitments. [ would strongly
recommend some sensitivity runs to be performed to investigate the impact of M on
future projections of this stock.

3. Incorporate oceanic conditions

Future projections of fish stock are also dependent on oceanic conditions as fishery stock
assessment and management are moving to ecosystem-based and multi-species
approaches. Albacore tuna as a fish species in the North Pacific should be impacted by
the oceanic conditions and regime shifts. I would recommend some sensitivity runs for
this stock under different environmental conditions.

4. Figures presentation

This is a minor point on the presentation of figures. As an editor for several journals and
author of several books, I was forced to be a little picky on the presentation styles on
figures and tables. In this assessment report, there are 41 figures. Some are very
informative and others are not. For example, the figures 35 and 36 were truncated on the
top, but left a large empty space at the bottom. It would make the presentation more
appealing by rescaling the y-axis limits. The same is the case for Figure 37, where the y-
axis limits from 0.6 to 1.4 would make this figure better presented.

TOR 5. Suggest research priorities to improve our understanding of essential
population and fishery dynamics and improvements to the assessment model.

For valid stock assessment, it is essential to collect adequate data based on the fish
population dynamics to be used for an appropriate stock assessment model. Therefore
the “data’ and “model” are the two key components in the assessment process. The WG
has identified six areas for future research priorities which included improving the age
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and growth modeling, exploring spatial population pattern, improving CPUE data
quality, investigating maturity and other data issues as well as improving SS3 models. 1
concur with the WG on these future research areas and encourage the WG to allocate
appropriate resources to put it in action. Further to these areas, I would emphasize:

1. Growth heterogeneities

Fish growth is sex-specific as well as regional-specific. For this species, it was evident
that there was a sex-specific growth after maturity in the western Pacific Ocean, with
males achieving larger sizes than females which would warrant a sex-specific growth
model for this stock. Similarly, a regional growth difference should be investigated
between eastern and western regions in the North Pacific.

2. Movement

It is known that Albacore are highly migratory as influenced by oceanic conditions with
observed seasonal movements. However, the assessment was conducted assuming this
stock was well-mixed and this seasonal movement rates were not explicitly modeled.
Efforts should be given to examine the existing tagging data and plan further tagging
studies so to estimate movement along with the estimation of natural mortality rate,
growth in different regions and ground-truth abundance.

It is now a common practice for fish stock assessments to include the movement of fish in
the process for estimating fish-stock abundance (Quinn et al. 1990). Bias can be reduced
by incorporating migration and mixing. Quinn and Deriso (1999) comprehensively
reviewed different forms of movement models, such as diffusion models (Hilborn 1987;
Deriso et al. 1991; Fournier et al. 1998); generalized movement estimation (Ishii 1979,
Sibert 1984, Anganuzzi et al. 1994; Xiao 1996, Xiao et al. 1999; Xiao and McShane
2000, Chen and Xiao 2006); and movement-estimation mark-recapture methods (Seber
1982, Brownie et al. 1985, Schwarz et al. 1993).

I recommend the WG to investigate these models for albacore tuna for better assessment.

3. Natural mortality (M)

M is fixed at 0.3 for current assessment and the sensitivity analysis using M = 0.4 gave a
higher scaling of SSB and recruitment as well as a decreasing F-at-age. It is well-known
in fish stock assessment that M is a key parameter. A plausible way to estimate M is to
use tagging studies which again bring back the importance to analyze the existing tagging
data as well as planning future statistically designed tagging studies as suggested above.

4. Parameter uncertainty

I have not seen any uncertainty estimates for any of the parameters in this assessment.
Parameter uncertainty should be included especially for biomass projection and stock
status, which can be generated from the likelihood approach or ADMB.
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5. Bias and bias correction of back-transformation from the estimated length-
weight relationship

This assessment used back transformation from estimated length-weight relationships as
seen in page 10. It is known that there is a bias associated with this back-transformation
and the bias is dependent on the estimated variance and correlation between the
parameters as well as the specified length to be predicted with the smallest bias at the
mean observed length as discussed in Chen (2004). In the situation of recruitment
prediction, Chen (2004) has shown that the prediction bias could exceed 5%.

For this assessment, it is not clear from the assessment report whether the bias was
corrected when the length-weight relationship was estimated. If not, I would recommend
the WG to implement the bias correction. The bias correction under different scenarios
has been developed accordingly and can be easily implemented as seen Hayes et al.
(1995) and Chen (2004).

6. Spatial CPUE standardization

As commented on before, CPUE standardization should incorporate the spatial
autocorrelation since fishery/survey data are dependent spatially. The statistical theory
behind the simple GLM assumed that the observed CPUE data are independent. This is
obviously invalid for fish population since it is common sense that fish move together,
and the closer the observed fish abundance measurements, the more similar the
measurements become. Chen and Leickly (2004) has shown that biases and resulted type-
I error if ignoring this spatial autocorrelation. Nishida and Chen (2004) have outlined a
plausible approach to incorporate this spatial autocorrelation into the GLM in CPUE
standardization with an application to the yellowfin tuna (Thunnus albacares) longline
CPUE data which should be readily applied to albacore tuna.

In addition, there is a special issue from Fisheries Research on using GLM to standardize
fishery/survey data, which will serve as a reference for this type of analysis.

7. Ecosystem based approach

The effort to incorporate ecosystem indicators and environmental shifts in stock
assessments is common. Albacore tuna as a fish species in the North Pacific should be
impacted by the oceanic conditions and regime shifts. I would recommend the WG to
investigate the possibility to use some of the ecosystem information to improve the
assessment model. This information can be incorporated into stock-recruitment model.
There are so many publications in the literatures in this direction. I just list a few of my
publications for reference (Chen 2001). If the assessment team is interested in this
approach, I will gladly provide guidance incorporating the fuzzy logic SR model into the
assessment.

8. Parameter confounding-the mathematical reiteration

It is known that there is a parameter confounding between the steepness and other
parameters. The re-parameterization of the original Ricker or Beverton-Holt stock-
recruitment models to the Mace-Doonan formulation in SS may lead to numerical
instabilities.
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Steepness (h) and Sy are more highly confounded in the Mace-Doonan formulation than
the o and B parameters in the original Ricker or Beverton-Holt formulation. It can be
mathematically proven that the steepness parameter % is confounded to the Sy or Ryp: The
original Beverton-Holt stock-recruitment model is

S . :
1). R, = ~— . Let this be rewritten as:
o+ fS,

S ) . . . .
2). R(S, )= : S since recruitment is a function of the stock size, where
t
the a is the productivity parameter, representing the number of recruits
per spawner at low numbers of spawners where the slope at the origin is
1/a . B controls the level of density dependence.

This definition was re-parameterized by a so-called steepness parameter, s, and
reference-point type parameters at virgin population. The steepness parameter / is
defined as the ratio of R, to R, when S, = 0.25,. The steepness parameter can also be

interpreted as the fraction of the number of recruits in the virgin population (i.e. at time
t,) that is attained when its breeding biomass at time ¢ is 20% of the virgin breeding

biomass. Mathematically / is defined as:
3. e R(0.25,) R(0.25,)
RS,) Ry
It can be seen intuitively that with this re-parameterization, the parameters, 4, S, and

R, are highly confounded, which has made the parameter estimation impossible.
Mathematically, this can be proven as follows. If % is independent of S, or R, from
equation 3), then let us generate equation 3) more as:

R(AS,) R(S,)

4). h(A)= =

R(S,) R,
Then when A=0.2, we get back to our traditional 4, 1.e. & = h(O.Z) .
Therefore by re-arranging equation 4) as R(}»S0 )= h()L )R(S0 ), forany A and u,

5). R()WSO )= R([/Lu]go )= h(ﬁ,‘u )R(So )
6). R(2uS, )= R[S, D= hQIR(uS, )= n(A (0 )R(S, )

Since the left side of equation 5) equals to the left side of equation 6), both the right sides
should be equal, which leads to:

7). hu)R(S, )= h(2n()R(S, )
This implies #(Au)=h(A)h(u) . Mathematically, #(A) should have the form of
h(A)= A" where K is a constant.
Then from equation 3), R(O.ZSO)= 0.2’(R(S0)=R0, 1.e. the recruits of R(0.2SO) 1s

proportional to, R, and we know from BH model this is not true. Therefore the definition

for any A.

and
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of steepness parameter in equation 3) is not independent of R, and is instead a function
of R,, which cannot then be estimated independently.

Another way to eliminate this confounding effect is to re-parameterize the SR using the
management parameters as illustrated in Schnute and Kronlund (1996, 2002) or Schnute
and Richards (1998).
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2004 and because of new assumptions regarding growth in the 2011 assessment.
Previous assessments used a VPA model with growth curve parameters derived from a
study in the 1960s using relatively outdated aging techniques and a limited size range.
The current assessment is based on an SS3 model with growth curve parameters derived
from a recent study using modern aging techniques and a substantially larger range of
fish sizes. The new growth curve, with a lower L, resulted in a higher scaling of
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2) Conduct an independent peer review in accordance with the ToRs (Annex 2).
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1. The CIE independent report shall be prefaced with an Executive Summary providing a
concise summary of the findings and recommendations, and specify whether the
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2. The main body of the reviewer report shall consist of a Background and Summary of
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Annex 2: Terms of Reference for the Peer Review
Stock assessment of albacore tuna in the North Pacific Ocean

1. Review the assessment methods: determine if they are reliable, properly
applied, and adequate and appropriate for the species, fisheries, and available
data.

2. Evaluate the assessment model configuration, assumptions, and input
parameters (fishery, life history, and spawner recruit relationships): determine
if data are properly used, input parameters seem reasonable, models are
appropriately configured, assumptions are reasonably satisfied, and primary
sources of uncertainty accounted for.

3. Evaluate the adequacy of the sensitivity analyses in regard to completeness and
incorporation of results.

4. Evaluate the adequacy, appropriateness, and application of the methods used to
project future population status.

5. Suggest research priorities to improve our understanding of essential
population and fishery dynamics and improvements to the assessment model.

Please note that supporting documentation for the review is confidential, and
reviewers are not to circulate these documents.
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